Seasonality and changes in climate and habitat dynamics lead ground squirrels to use resources during the most favorable seasons and avoid less favorable conditions by hibernating. The Perote ground squirrel (Xerospermophilus perotensis) is nationally and internationally classified as vulnerable to extinction; however, our knowledge of this species is scant. The aim of this study was to describe and analyze its annual cycle. Temperature and rainfall data (2008 to 2014) for the area were used. Animal frequencies were obtained for seven sites by capture-markrecapture; captured animals were marked, and their sex, weight, age and reproductive status noted. Population structure was obtained for each site using the male:female sex ratio and age structure. Activity during the annual cycle is statistically associated with temperature. Scrotal males were most abundant while females with signs of pregnancy and those lactating were recorded least often. The number of adults and juveniles differed statistically, with adults more abundant throughout the study. Weight varied throughout the study, and differed between adults and juveniles. The Perote ground squirrel exhibits phenological patterns similar to those of species of the genus Spermophilus, which respond to changes in temperature and its activity cycle begins in spring and ends in autumn. The weight of the squirrels was dynamic, probably resulting from reproduction, hibernation and their response to changes in environmental resources. The frequency of this species was low, with few juveniles recorded, indicating that X. perotensis is facing serious problems, likely from severe anthropogenic pressure and its own ecological characteristics.
Introduction
Climate and habitat conditions are dynamic, so organisms avoid or mitigate the effects of the least favourable times of the year through migration, aestivation or hibernation, taking advantage of the season that favors their development and reproduction (Bradshaw and Holzapfel 2007; Williams and Lane 2014) . The timing of these events and their relationship to the different stages of life are induced by abiotic forces such as light, temperature and seasonality (Michener 1983; Williams et al. 2014) and by biotic forces such as hormone levels (Bradshaw and Holzapfel 2007) .
In ground squirrels, annual cycles are marked and divided into an active and an inactive phase, the durations of which vary by species, sex, age, latitude, climate and habitat (Michener 1983; Williams and Lane 2014; Williams et al. 2014) . Reproductive cycles, gestation, lactation, emergence of juveniles, fat storage and preparation for hibernation occur during the active phase and hibernation
Materials and Methods

Study Area.
The study was done in the Perote Valley, located in the municipality of Perote, Veracruz, Mexico. This valley is located between two mountain ranges, the Sierra Norte of Puebla and the Cofre de Perote, both of which offer unique environmental conditions that have resulted in the presence of several endemic species (Best and Ceballos 1995; Sánchez-Cordero et al. 2005) . These species are facing severe conservation problems owing to intensive agricultural practices (both crops and livestock) that have fragmented and decreased the limited available habitat in the region (Gerez-Fernández 1985; Arriaga et al. 2000) . The elevation of the study sites is 2,300 to 2,700 masl. The climate is the most humid of the semiarid climates, with a mean annual temperature of 14 °C and a mean annual precipitation of 500 mm (Gerez-Fernández 1985; Medina and Angulo 1990) . The vegetation is diverse: pine-oak forest (Pinus spp. and Quercus spp.), Juniper forest (Juniperus deppeana), scrub (Yucca periculosa, Nolina parviflora), natural meadows (Scleropogon brevifolius, Erioneuron avenaceum) and induced pastures (Muhlenbergia quadridentata, Aristida divaricata), along with halophytic vegetation (Bouteloua scorpioides, Atriplex linifolia; Gerez-Fernández 1985; Delgadillo 2011) .
Seven sites were sampled, differing mainly in their plant associations and the time they have been protected from livestock management (Figure 1 ). The composition of the vegetation was obtained from the study of Montero-Bagatella et al. (2017) . Site 1 was on a basalt flow with short grass pastures and sparse tussocks of Aristida harvadii and Sclerepogon brevifolius. Site 2 was located 200 m from the Veracruz-Mexico City highway, with native plants like Jarava ichu and Bidens anthemoides and no agricultural activity. Site 3 was located approximately 500 m from the same highway, furrowed from past agricultural activities, with Aristida divaricata as the dominant plant species. Site 4 was close to the Perote-Amozoc highway, with predominantly short tussocks of grasses like Jarava ichu (20 cm) and occasional pasturing of goats and sheep. Site 5 was adjacent to Site 4, with irregular soil owing to management practices to prevent erosion; some shrubs interspersed among its moderately long grasses, in dense tussocks, such as Jarava ichu. Although this site has been reforested and is to be used for conservation, livestock is still pastured on it. Site 6 is an area where crop farming was abandoned about 14 years ago and has been used as a succession of native pastures with J. ichu and Bouteloua scorpioides, some succulents and shrubs. It is surrounded by an electric fence and barbed wire and is under surveillance to prevent grazing by intruding domesticated animals. Site 7 has patches of short grass like Aristida harvadii and some bunches of other types of grasses such as Bouteloua scorpioides, but has not been subjected to any agricultural activities in the last four years and is also under the same type of surveillance as site 6.
Study Design and Data Collection. To capture the squirrels, two plots (1 ha) separated by 100 m were set up in each occurs during the inactive phase (Michener 1983) . Some annual events are critical for ground squirrels, such as the day that they emerge from hibernation. Males who emerge late have less chance of acquiring territory and a decreased possibility of developing the secondary sex characteristics required for reproduction. Late emergence by females can affect their weight because after reproducing (gestation and lactation), they must accumulate enough fat to hibernate (Williams and Lane 2014) .
The reproductive season in Sciuridae, the family to which the ground squirrels belong, coincides with peak food availability. So, if these two events go out of phase, reproductive rates and survival could decrease and cause serious imbalances in the population, and even lead to extinction (Michener 1983; Miller-Rushing et al. 2010; Lane et al. 2012) . Repeated observation of the population structure (sex ratio, age category and reproductive status) allows us to understand the relationship between the annual cycle and demography, since both are sensitive to time and can provide information about the viability and state of the populations. It is generally understood that five to ten years of observations are necessary to obtain sufficient information about these parameters ( Van Horne 1983; Caughley 1977; Miller-Rushing et al. 2010) .
The endemic ground squirrel of Perote (Xerospermophilus perotensis) is diurnal, social, terrestrial and mainly herbivorous (Best and Ceballos 1995; Castillo-Castillo and González-Romero 2010) . Its reproductive period begins in May and ends in August. Gestation lasts 30 days and females have an average of four kits (Yensen and Sherman 2003) . Hibernation occurs from the end of October to March, interrupted by short feeding periods (Valdez and Ceballos 2003; Castillo-Castillo 2009) . These animals prefer to live in open treeless, shrubless areas with short grasses (Yensen and Sherman 2003; Hannon et al. 2006; MonteroBagatella et al. 2017) , though they have also been recorded in areas with shrubs and in crops (Best and Ceballos 1995; Mendoza-Carreón 2009 ). This species is facing conservation problems resulting from the intense development and extreme transformation of its habitat by humans, which has spared only 30 % of its original habitat (Sánchez-Cordero et al. 2005) . Currently, this species is classified as threatened in Mexico (Official Mexican Standard NOM-059-SEMAR- NAT-2010; SEMARNAT, 2010) and as endangered by the International Union for the Conservation of Nature (IUCN; Álvarez-Castañeda et al. 2008) .
Because the Perote ground squirrel is extremely vulnerable, we decided to describe and analyze its annual cycle and learn about the relationship between climate conditions and the population dynamics of this species. The information obtained will allow us to understand the ecology of this species and provide the tools necessary to understand what is necessary for its protection and conservation. Combined with legal action, this could lead to the preservation of the species. of the seven study sites. In each plot, 36 Sherman® traps (30 x 10 x 8 cm) were set up in a grid (6 x 6 traps), separated by 20 m. The traps were baited with oat flakes and peanut butter and were active from 0830 to 1500 h (Gurnell and Flowerdew 2006; Castillo-Castillo 2009) . Each plot was active for three consecutive days (Jones et al. 1996; Castillo-Castillo 2009 ; Montero-Bagatella and González-Romero 2014) for each month during the ground squirrels' activity cycle from June 2008 to June 2014. The animals captured were marked using magnetic chips (MUSSICC Chips-AVID®), and their sex, weight and reproductive status were noted (e. g., in males scrotal testes and in females mammary glands that indicate pregnancy or lactation; Gurnell and Flowerdew 2006; Castillo-Castillo 2009) . The animals were later released in situ (Sikes et al. 2016) . Animals weighing more than 170 g or exhibiting reproductive characteristics were considered as adults (Dimmick and Pelton 1996; Gurnell and Flowerdew 2006; Castillo-Castillo 2009 ) and those weighing less or without these characteristics were considered juveniles (Castillo-Castillo 2009). Population structure was obtained for each site using sex ratio (males and females) and age (Caughley 1977) . Temperature and precipitation data for the study period were provided by the National Water Commission (Comisión Nacional del Agua; CONAGUA).
Statistical Analysis. To carry out the statistical analyses, based on the reported frequencies of the ground squirrels, the years were divided into three periods: pre-reproductive (April and May), reproductive (June to July) and post-reproductive (September, October). Averages of monthly temperature and precipitation data were analyzed using oneway ANOVAs, with post hoc Newman-Keuls tests (Zar, 1999) . Sex characteristics were analyzed using a chi-squared test (Zar, 1999) . All of the analyses were run in Statistica 10.0.
Results
The number of animals captured, monthly precipitation and temperature for 2008 to 2014 are shown in Figure 2 . Total sampling effort was 12,528 trap days (Table 1) . The highest abundance values mostly coincide with the peaks in temperature and precipitation, decreasing when these variables decreased. The year of 2008 was atypical, it was very rainy and hot, with more than 350 mm of rain and temperatures above 30 °C; 2009 and 2010 were also very rainy. The highest peaks in rainfall are reported from August onward and decreased in October with little rain in the following months. The mean temperature throughout the study was 22.2 °C. The highest temperatures were recorded in March-April, with lower temperatures in August and the lowest from November to January, as low as 13 °C for this period in 2014, which was the coldest year of the study. There were statistically significant differences in temperature during the three periods of the ground squirrel's reproductive cycle (F = 10.70, d. f. = 21, P = 0.0006). The post hoc test detected differences between the temperatures of the post-reproductive period and those of the pre-reproductive period (P = 0.0004) and between the temperatures of the pre-reproductive period (P = 0.03). Precipitation did not differ significantly among the different phases of the reproductive period (F = 3.3, d. f. = 21, P = 0.05). In 2009 the highest number of males and females was caught. In 2009 and 2012 males were caught more frequently (Table 1) . Adults were more abundant than juveniles, and there were statistically significant differences in the number of adults and juveniles (F = 5.70, d. f. = 1, P = 0.03). Adult males were recorded with greater frequency in the pre-reproductive and reproductive periods (Figure 3 ). Juveniles were recorded throughout sampling, though their frequency was low. Their abundance was greater and their emergence began in the pre-reproductive period. In 2008 and 2012 the number of juveniles recorded was highest.
Regarding reproductive characteristics, scrotal males were most abundant and females with signs of pregnancy or lactating were recorded least often. Scrotal males were abundant starting in April, reached their maximum in June and decreased in July, when males with abdominal testes were more abundant (Figure 3) . Non-pregnant females were recorded in all samples, with those showing signs of pregnancy or lactation appearing in June and through August, with similar values in July (12) and August (15).
The results of the chi-squared test indicate statistically significant differences in the number of adult males exhibiting secondary sex characteristics and those that did not during the three stages of the reproductive period (X 2 = 56.28, d. f. = 2, P < 0.001) and in the number of females in different states (pregnant, not pregnant, lactating) over the same period (X 2 = 28.09, d. f. = 4, P < 0.001). There were differences in the number of females that were not pregnant during the reproductive period (F = 39.5, d. f. = 2, P < 0.001), and the post hoc tests indicate differences between the preand post-reproductive period and with the reproductive and pre-reproductive period (P < 0.001 in both cases). There were differences in the number of pregnant females among study sites (t = 8.64, P < 0.001), and differences in the number of lactating females between the reproductive and postreproductive periods (t = 1.8, d. f. = 21, P = 0.03). The number of scrotal males did not differ among periods (pre-, reproductive, post-; F = 0.40, d. f. = 2, P = 0.66, nor did the number of males with abdominal testicles (F = 0.37, d. f. = 2, P = 0.6).
The weight of the squirrels varied throughout the year. Adult males were heaviest during the pre-reproductive and reproductive periods and lightest during the post-reproductive period (Figure 3 ). Adult females were heaviest during the post-reproductive period and lightest in April. Juveniles weighed less during July, when they emerged, and their weight increased over the subsequent months.
There were no significant differences in weight between adult males and adult females (F = 0.42, d .f. = 1, P = 0.5), and no differences in weight between male and female juveniles (F= 0.12, d. f. = 1, P = 0.7), though there were differences between adult and juvenile males (F = 11.79, d. f. = 1, P = 0.005) and between adult and juvenile females (F = 21.4, d. f. = 1, P < 0.001).
Discussion
Our results reveal that the Perote ground squirrel exhibits phenological patterns similar to those described by Schwanz (2006) and by Williams and Lane (2014) for species belonging to the genus Ictidomys and Tamiasciurus since the species responds to changes in temperature and its activity cycle begins in the spring and ends in autumn. The highest environmental temperatures were recorded during the pre-reproductive period and marked the end of hibernation and the beginning of preparation for reproduction. When the temperature dropped, hibernation began; similar behaviours were reported for the Mexican ground squirrel (Schwanz 2006) . Given that there is a statistically significant relationship between the squirrels' cycle and temperature, we infer that temperature is the most important phenological signal for the Perote ground squirrel, as observed with Urocitellus by Lane et al. (2012) . While precipitation was not significantly related to the cycle of the Perote ground squirrel, it may exert some influence given that tropical storms and hurricanes originating in the Gulf of Mexico are a regular occurrence in the region (García 2003) , and at times could prevent the animals from leaving their burrows. This could result in a low capture rate, as occurred in MendozaCarreón's (2009) study of this species.
The large number of male squirrels captured at the beginning of the year indicates that they were the first to emerge from hibernation. Michener (1983) reported the same pattern and indicates that this behaviour has the objective of obtaining the best territory and resources until the females emerge and reproduction occurs. The low number of captures at the end of the year reveals that the males were the first to enter hibernation, and this coincides with the findings of Holekamp and Sherman (1989) , Michener (1983) and Castillo-Castillo (2009) .
The results for secondary sex characteristics indicate they are related to temperature since their frequency was higher in April and June when temperatures were hottest and precipitation was not as intense as in other months. The records of these characteristics were lowest in August when the temperature begins to drop and rainfall is regular and heavy. Similar patterns have been reported in other studies (Best and Ceballos 1995; Valdez and Ceballos 1997; Castillo-Castillo 2009 ). In our study, scrotal males were the most abundant, a result that concurs with the findings of Castillo-Castillo (2009), and Montero-Bagatella and González-Romero (2014); this may result from their greater susceptibility to being captured. Males generally cover larger areas in their search for females to copulate with, as mentioned by Castillo-Castillo and González-Romero (2010) . In contrast, females with signs of being pregnant were recorded least frequently, as occurred in the study by Montero-Bagatella and González-Romero (2014) . This may result from the females staying in their burrows to attend to their young, allowing them to escape capture (MendozaCarreón 2009) or, as reported for other species of squirrel (Descamps et al. 2008; Kneip et al. 2011) , because reproduction was not achieved.
For age category, the number of adults and juveniles differed statistically, with adults being more abundant throughout the study. Juveniles were more abundant during the post-reproductive period, likely because they were emerging from their burrows and beginning to explore the land as reported by Mendoza-Carreón's (2009) . Their emergence coincided with the August peak in rainfall and is reflected in the growth of food resources that could benefit the squirrels development (Williams and Lane 2014) . At the beginning of the year, juveniles were also recorded more frequently, as also reported by Castillo-Castillo (2009) and Mendoza-Carreón (2009), who mention that these values are the result of squirrels that were born the previous year emerging from their burrows. In general, the number of records of juveniles was low, as observed in the study by Montero-Bagatella and González-Romero (2014), this can indicate that the populations are aging, that they are not being replenished, and are not growing, meaning that the possibilities for the recovery of this species are limited (Caughley and Sinclair 1994, Miller-Rushing et al. 2010) . Kneip et al. (2011) mentioned that it is possible to underestimate juveniles because they disperse as they grow, so these numbers should be interpreted with some caution.
Hoogland (2003) and Schwanz (2006) demonstrated that in ground squirrels hibernation and reproduction require a notable energetic expenditure and this is reflected in the loss of body weight. This could be what happened to X. perotensis over the course of the study since, on emerging from hibernation, the animals encounter a change in food, refuge and habitat availability (Humphrey 1962) . Reproduction requires a large energetic investment, more so by females that gestate and care for their young (Hoogland 2003; Yensen and Sherman 2003) . Disturbances to the environment that occurred in some of the study sites were agricultural fires that get out of control and plowing, which can cause variations in the weight of the squirrels by limiting resource availability and increasing resource competition (Humphrey 1962) .
The abundance of the Perote ground squirrel varied with temperature and precipitation. Increases in population may have been a response to heavy annual rains as documented in other studies of rodents (Kneip et al. 2011; Williams and Lane 2014; Heisler et al. 2014) , since heavy rains can increase the yield of the grasses and asters that this species feeds on. If these conditions persist, they could result in an increase in population (Heisler et al. 2014) . If however, conditions do not favour the ground squirrels, litter size may decrease, as observed in red squirrels (Descamps et al. 2008) . The resources present in the habitat can therefore explain the frequencies of this squirrel, and limit or favor the population growth of the species.
The highest abundance values were recorded in April when the ground squirrels had come out of hibernation and were in their reproductive phase. In October, there were few captures, possibly because of low temperatures, resource scarcity and because it was the beginning of the hibernation period. Other studies on this species have reported similar results (Valdez and Ceballos 1997; CastilloCastillo 2009; Montero-Bagatella and González-Romero 2014) . The abundance of the endemic Perote ground squirrel was greater in open sites and those with short grass such as sites 1, 2 and 3 (sampling years 2008 and 2009), because the species prefers this type of site, where it is easier for them to detect potential predators, move shorter distances to find refuge and find better resources such as territory and food (Heisler et al. 2014) . Grass shoots are more nutritious and palatable and are optimal for the growth of these animals (Hannon et al. 2006; Yensen and Sherman 2003; Pasch and Koprowski 2011) . These areas contrast with sites 6 and 7 (sampling years 2013 and 2014) where the pasture was dense and abundant, rendering them perhaps not as habitable as the other areas and resulting in a lower population estimate. In spite of the electric fence and surveillance at site 7, in June 2013, seven squirrels were lost; the traps had been moved from their locations and there were traces of blood and fur, suggesting the squirrels had been predated by dogs. This caused the decrease in abundance recorded in the subsequent months. For this species, the study of Castillo-Castillo (2009) reports maximum densities close to 50 ind/ha, but for 2014 maximum density was 20 ind/ha (Montero-Bagatella and González-Romero (2014)). Based on the proposal of Yensen and Sherman (2003) that the minimum viable density for ground squirrels is 20 ind/ ha, we infer that the populations of X. perotensis have been decreasing and are small. Density indices overestimate values, in contrast to number of captures, which gives a real estimate of the population and is considered a more appropriate value for the purpose of conservation, especially for endangered species (Caughley and Sinclair 1994) .
Even though the number of captures and the reported densities have different values, the tendencies of both parameters indicate steady population decreases in recent years; decreases caused by environmental disturbance, anthropogenic pressure and changes in resource availability (Hoffmann et al. 2003) . Studies such as those of MendozaCarreón (2009) and Sánchez-Cordero et al. (2005) mention that the Perote ground squirrel has shown a certain degree of plasticity in the face of unfavourable conditions, though recent population studies indicate that it is now reaching its limit (Castillo-Castillo and González-Romero 2010; Montero-Bagatella and González-Romero 2014).
Ground squirrel density and precipitation can be considered demographic predictors for the purpose of conservation (Kneip et al. 2011) , and precipitation can even be a predictor of survival rate (Bronson 1979) . As such, these variables can be used for the proper management of this species, since the results show that its abundance values are low. This, in addition to its limited distribution, low dispersal capacity and the constant transformation and reduction of its habitat, confirms that X. perotensis is facing serious problems for survival, as highlighted in other studies of this species (Valdez and Ceballos 1997; Sánchez-Cordero et al. 2005; Álvarez-Castañeda et al. 2008; Castillo-Castillo 2009; Mendoza-Carreón 2009; Ochoa et al. 2012; MonteroBagatella and González-Romero 2014) . Greater knowledge of this species, its population parameters and its ecology, will provide us with the tools required to better understand its protection and conservation needs. This, together with legal actions could save the species.
The conservation efforts of the private company Granjas Carroll de México, on whose land some animals were trapped, have allowed the populations of this species and others to develop. Also, the government of the state of Veracruz recently decreed a State Natural Conservation Area (Gaceta Oficial 2016) that includes a small part of the distribution of this species. The sum of these actions, will benefit some populations of X. perotensis and over time could increase their populations. Another conservation strategy, as suggested by Montero Bagatella et al. (2017) , would involve the local people, and would be based on environmental education plans, which allow the species to establish by preventing induced fires that destroy the resources that X. perotensis needs for to survive. Another strategy is to control feral dog populations, since they prey on it. Fences in the sampled areas would also reduce the risk of predation. Continuous anthropocentric development has considerably reduced the habitat available to this species, so ex situ conservation could also be considered, as long as the necessary guidelines for the conservation of the specimens are respected. From the results of our study, genetic studies are recommended in order to know how robust the genetic pool of extant populations is, and to effect the translocation of individuals as suggested by Ochoa et al. (2012) . Based on the results of our study we consider that the status of this species under Mexican Legislation could be changed from "threatened" to "endangered".
